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Nan, X., Ng, H.H., Johnson, C.A., Laherty, C.D., Turner, B.M., Eisen-While yeast do not have cytologically identifiable het-
man, R.N., and Bird, A. (1998). Nature 393, 386±389.erochromatin, they do contain similarly repressed do-
Orlando, V., Jane, E.P., Chinwalla, V., Harte, P.J., and Paro, R. (1998).mains (chapter 15). These include the silenced mating
EMBO J. 17, 5141±5150.type cassettes and the ends of the chromosomes that
Papoulas, O., Beek, S.J., Moseley, S.L., McCallum, C.M., Sarte, M.,are silenced by telomeric position effects. A number of
Shearn, A., and Tamkun, J.W. (1998). Development 125, 3955±3966.genes have been identified in yeast that are required for
Steger, D.J., and Workman, J.L. (1996). Bioessays 18, 875±884.gene silencing (Table 15.1, p. 254). Histones H3 and H4
Workman, J.L., and Kingston, R.E. (1998). Annu. Rev. Biochem. 67,are hypoacetylated in silenced regions and appear to be
545±579.bound by complexes containing some of these proteins
Zhou, Y.B., Gerchman, S.E., Ramakrishnan, V., Travers, A., and Mu-including the repressors RAP1, SIR3, and SIR4 near
yldermans, S. (1998). Nature 395, 402±405.
telomeres (Hecht et al., 1996) and the repressors SSN6
Zlatanova, J., Leuba, S.H., and van Holde, K. (1998). Biophys. J. 74,and TUP1 at silenced mating type cassettes (Edmond- 2554±2566.
son et al., 1996). An extreme case of silencing is repre-
sented by X chromosome inactivation in mammals
where X chromosome dosage compensation between
the sexes is accomplished by inactivation of one X chro-
mosome in females. A number of possible epigenetic Intertwining Proteins
mechanisms for X chromosome inactivation are dis-
sected by Riggs and Hershkovitz in chapter 12. X inacti- Helix-Loop-Helix Transcription Factors
vation requires the RNA product of the XIST gene, which By Trevor Littlewood and Gerard I. Evan
is expressed from the inactive X chromosome. Both X Oxford: Oxford University Press (1998). 151 pp. $46.95
chromosome inactivation and genomic imprinting (chap-
ter 11) involve increased methylation of CpG islands in
the inactive regions. Recent studies suggest that meth- More than a decade ago, the Weintraub and Cabrera
ylation contributes to repression via histone deacetyla- laboratories noted a region of homology to c-Myc in
tion. The methyl CpG-binding protein, MeCP2, recruits gene products that specify myogenic and neuronal de-
histone deacetylases as part of transcriptional repressor termination. The Myc homology region was also found
complexes (Nan et al., 1998; Jones et al., 1998). in immunoglobulin enhancer±binding proteins and pro-
Overall this book is an enjoyable read that introduces posed to form a helix-loop-helix (HLH) structure. The
several exciting topics regarding chromosomal gene HLH domain is a DNA-binding and dimerization domain
regulation. I enjoyed the last two of the three sections that allows the formation of homo- and/or heterodimers.
the most as these topics were more fully developed by HLH proteins are transcriptional regulators that function
the larger number of chapters in these sections. Readers either as activators or as repressors. There are now
new to this field should develop an appreciation of the more than 250 different documented members that reg-
exciting concepts that are emerging in understanding ulate cell growth, cell death, cell commitment, and cellu-
functional chromatin domains and epigenetic regulation lar differentiation of many different types of cells in all
of gene expression. eukaryotic organisms.
Until recently, the state of the HLH proteins has been
Jerry L. Workman described and monitored in a number of excellent re-
Howard Hughes Medical Institute and views. However, the expanded knowledge of the HLH
Department of Biochemistry and Molecular Biology field makes it difficult to summarize the properties of
The Pennsylvania State University HLH proteins in a review article. The book Helix-Loop-
University Park, Pennsylvania 16802 Helix Transcription Factors, by Littlewood and Evan, is
a comprehensive manual on the sequences, structures,
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10, 1247±1259. fall into six sections.
Fragoso, G., John, S., Roberts, M.S., and Hager, G.L. (1995). Genes The large number of HLH proteins makes it increas-
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Gribnau, J., de Boer, E., Trimborn, T., Wijgerde, M., Milot, E., Gros- of the members. In the first section, Littlewood and Evan
veld, F., and Fraser, P. (1998). EMBO J. 17, 6020±6027. take on the challenge of dividing the various HLH pro-
Hecht, A., Strahl-Bolsinger, S., and Grunstein, M. (1996). Nature 383, teins into distinct groups. These include bHLH proteins,
92±96. bHLH proteins containing a leucine zipper, and HLH
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classification as proposed in this book is reasonable187±191.
and the different classes are well described. However,Kuo, M.H., and Allis, C.D. (1998). Bioessays 20, 615±626.
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an ancestral sequence for the entire HLH gene family. proteins function as homodimers during early B lympho-
The HLH proteins were grouped based on their evolu- cyte development, whereas, upon activation, they form
tionary relationships, such as descent, binding site heterodimers with ABF1, an HLH protein expressed in
specificity, amino acid sequence patterns, and the pres- activated B cells. Despite differences in the bHLH do-
ence or absence of the leucine zipper. These classes main, the DNA binding specificity of E2A homodimers
represent the known functional groups and show the versus E2A/ABF1 heterodimers is remarkably simi-
relationship of phylogeny to biochemical function. lar. However, their regulatory capabilities are distinct.
The second section of the book describes the func- Whereas E2A homodimers function as transcriptional
tions of a selected group of HLH proteins. These include activators, as heterodimers with ABF they are powerful
regulators of myogenesis, neuronal determination, and repressors. Thus, while both homo- and heterodimers
hematopoiesis. The analysis of the transcriptional net- bind the same site with similar affinities and specificities,
works of these three systems is extensive and ahead they show quite distinct biochemical properties. Differ-
of that of other cell types. In particular, the role of HLH ent spliced forms of E2-2, a mammalian HLH protein
proteins in bristle patterning, serving the organization that is closely related to Daughterless, also possess
of thousands of uniquely arranged bristles, has been unique transcriptional properties. It is conceivable that
well documented. Bristle development is controlled by distinct regulatory domains act in synergy with other
members of the achaete-scute complex. Their gene transcriptional regulators to activate tissue- and stage-
products interact to form heterodimers with Daughter- specific transcription. It will certainly be interesting to
less to activate the transcription of genes whose prod- see how these different forms affect gene expression
ucts control the differentiation of these sensory organs.
and ultimately lineage decisions.
Both Daughterless and the Achaete-Scute proteins par-
A section of the book illustrates the roles of HLHticipate in other developmental pathways, including sex
proteins lacking a DNA-binding domain. This class ofdetermination. The mammalian homologs of Daughter-
HLH proteins may have originated from a common an-less, the E2A gene products, are also involved in various
cestor containing a basic region. In multicellular organ-developmental pathways. MyoD and myogenin both as-
isms, regulation of HLH function became more sophisti-sociate with E2A to promote myogenesis. On the other
cated with the appearance of HLH proteins that lack ahand, E2A proteins function as homodimers during B
basic domain. This class of HLH proteins may functionlymphocyte development. Both E2A/E2A homodimers
primarily as regulators. They include Emc and four verte-and E2A/MyoD heterodimers bind with similar affinity
brate homologs Id1±4. While the role of Emc has beenand specificity to an identical sequence. This raises the
well documented in the establishment of the spatial pat-following question: How can the presence of one partic-
tern of bristles in Drosophila, the biological roles of theular protein contribute to the phenotype of so many
Id gene products still remain to be clarified. Additionally,distinct cell types? One possibility is that the HLH pro-
how Emc and Id gene products are regulated them-teins act in concert with other classes of transcriptional
selves is largely unknown. This is an important challengeregulators to promote cell type±specific gene transcrip-
that likely will be addressed soon.tion. The authors provide one example of such synergy.
For example, MyoD acts in concert with MEF2 to activate An enormous amount remains to be learned about
muscle-specific gene expression. Similarly, the E2A pro- HLH proteins and how they are regulated. The roles of
teins act in concert with EBF, another B cell±specific these proteins in divergent pathways, including myo-
regulator, to regulate l5, immunoglobulin genes, and genesis, neuronal determination, and lymphocyte de-
other B lineage±specific markers. Thus, the high degree velopment, are fundamentally similar. They use closely
of biological specificity is achieved in these two lin- related effector and regulatory molecules in many devel-
eages, at least in part, through the combinatorial control opmental pathways and in all multicellular organisms.
of distinct classes of transcriptional regulators. As pointed out by Littlewood and Evan, the remarkable
The notion of biological specificity can also be ex- functional conservation of the HLH proteins was most
panded to the study of regulatory domains. A section clearly demonstrated by the ability of the single achaete-
on the structure of the protein domains of HLH proteins scute gene in Hydra vulgaris to dimerize with Drosophila
is included to give a taste of regulatory domains that gene product, Daughterless, and rescue the acheate
have been characterized. It is striking that with the ex-
and scute deficiencies in Drosophila. Similarly, the
ception of Myc proteins, the study of the transactivation
Daughterless gene product has the ability to activatedomains has long been ignored. In the chapter on the
immunoglobulin enhancers when ectopically expressedªRegulation of Target Genes by HLH Proteinsº, the au-
in mammalian cell lines. These and other studies indi-thors describe the Myc network and the biochemical
cate that the biochemical and functional properties ofequilibria between the various Myc complexes, activa-
HLH are truly universal. The similarities and differencestors versus repressors. This section is perhaps the most
of HLH proteins and how they act and are regulatedrewarding part of the book and describes in depth how
should become clearer once their mechanisms in dis-the Myc network functions to control cellular prolifera-
tinct cell types and organisms are clarified.tion, cell death, and cellular transformation. The authors
briefly summarize a few other regulatory domains, but
do not provide much detail or insight.
Cornelis MurreThe issue of regulatory domains comes back to the
Department of Biologyquestion, why design HLH heterodimers in the first
University of California, San Diegoplace? One could argue that various heterodimers pro-
vide distinct regulatory specificities. For example, E2A La Jolla, California 92093
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